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ABSTRACT

A method of broadbanding a miniature, 'lumped element' UHF circulator
using tripled-tuned networks is presented. The characteristics of such a
low-loss/moderate isolation isolator package are given, vis-a-vis txransistor
amplifier protection applications.
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A 350-MHz BROAD]A ND LUMIED EL CFI CIRCU-ATOR

FOR TRANSISTOR PROTECTION

INTRODJCTION

Recent reports have shown the feasibility of iwing mlniature lumped
element circulators in the VEF and UHF frequency ranges.l,2,3

This commmnication describes the broadbanded performance of a minia-
ture UUF circulator with a passband of 300 to 400 MHz using a device man-
ufactured by Melabs 4 - their model LB-I "isoductor."

A recent report by McChesney and DIin 5 described a similar device
which was broadbanded to cover the 400-to 700-MHz frequency range.

The device described here was obtained as a discrete circulator, to
be matched externally by using proper bendpass networks to achieve Vide
bandwidths and low insertion loss at lower frequencies. (See Fig. 1.)

Az, important application of the circulator is its use in providing

protecAon for IF transistor iawkiflers when RF power is fed directly to
an antenma. Such protection is achieved when the 3-port :Irculator is
intex posed between the RF amplifier stage and antenna. Absorption of any
reflective power from the antenma is provided by. virtue of the matched
dummy load at the third ort. Transistor failure due to severe reflection
or mismatch is thereby eliminated. The impedknce level between the am-
Splifier and the antenna is alvwys umintained, thereby.

DISCUSSION

Circuxit Desg

SAecc ing to Konishi, the insertion loss of a lumped element cfrcu-
lator in the shunt tuned configuration - common ground point (See Fig. 1a)
is given as:

L (0) 4,9 (. + I)--------------(1

F

where: 7 + ......-------- (23)~~- + - Wo :t = • . .... -

Wm r Y ,Ms (Saturation magnetization)

Wo = H H(intErnal field)

WI = operating center frequency of circulator

gýTomagetic ratio = 2.8

Qc = Unloaded Q of shunt capacitor

SQeff = Unloaded Q of ferrite material.

J6=
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It vas not possible to test KonishiIs equation because the circuilator
Verameters Qeff and px + could not be measured; therefore., an overall in-
sertion loss measuremenit vas made at 350 MHz for the narrowband (5%) case.,
with single shunt capacitors tuned at each port (Figur3 la).

At 350 MHz,, L (0B) o .6 dB for a 5% passband.

Tbee triple-tuned bandpass filters were then constructed to cover
the 300 - 4W~ MHz range and these ekhibilted an averge insertion loss of
0.25 dB each., with apiroximatelly 0.02 dB ripple. Thse units were con-
structed using air trimnr capacitors and distributed (lead length) in-
ductances (See Figure 2).

In marrying each assembly to the circulator, gr,eat care was used in
ridiniizing stray capacitance and lead length inductances. Shielding walls
vere constructed around the entire circu~t (See Figure 2). In addition,,
coaxial. stubs were used as shunt inductanices for least loss.

The entire circulator assembly was tuned to optimum Chebychev response
using the Roh~de and Schwartz Polyikop generator. Results are shown in
X Yguxe 3. An impedance plot vas then made and results are shown in Fig. 4i.

It can be seen that an optimum of 1.0 dB bas been accom~p2.ished,. co-.
Incident with a nearly flat Isolation response of 13 dB ever this range.

In amIlyzizg this insertion loss (Mi. 3)., it should be noted that
each fiter (on the input and output pcwts,. reap.) contributes 0.25 dB
the Utotl loss. The equation for insertion loss sbould therefor'e read:

L~~dB) 2Oodiscrete circulator)
1 -dissipation loss

0, output filtera.
n=J n l L

L (0) =20 log 1 + 8.68 (QL) Sk----------- 4
1- Lf _V /

where: =~ loaded Q of the discrete circultor (junction)

=~ unloaded Q of the ferrite material
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center frequency
'L Bandwidth((-ipple 3

0 unloaded Q each ilter

gk = element value for each C cr L

external to discrete circulator. This includes each external shunt capa-
citor immediately beyond the ferrite junction. 'Note that the QU due to
this first shunt capacitor is now included in each filter and is not ex-
pressed in the term given for insertion loss of the discrete circulator it-
self.

According to the results given, the total insertion loss as measured

0.6 dB + 0.5 dB = i.idB

(circulator) (both filters)

jibes with the plot shown i# Fig. 3. Additional losses shown in the plot
are due to mismatch and can be deduced from Fig. 4.

The isolation response vws a function of the impedance match, accom-
plished at the third port and terminated (through the triple-•Uned filter)
in a 50 SL coaxial OSM type load. It was found that a 50 A termiam-
tion at the isolated pXot provided a better Impedance match than the ter-
mimtion called for in the application note.4

COCLUCSIONS

In conclusion, it must be noted that filter tig., though critical,
was accomplished by using miniature air trimmer capacitors baving low dis-
tributed inductive components. Miniaturization my be accomplished further
by using ullira-miniature ceramic trimrs and ultimately., printed circuit
techniques.

Broadband width and matching was accomplished using bandpass rather
than low pass networks. This was because over a band of frequencies, the
ferrite junction, represented by parallel L and R could be ineorpc ated
more easily into the bandpass matching network. In using the low pass
structure, an admittance transformation must be made, causing possible
frequency dependence.

It should be noted that broadband display was accomplished at the
expense of achieving lower isolation than is normally expected at microwave
frequencies ( 20 dB).

Limited data is available indicating that the device described a'bc-ve isI' useful in providing protection for RF transistor power amplifiers.
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Future wor•k using broadband ferrite devices will coneentrate on demon-
utrattig quantitative limits of protection afforded typical RF transistor
power amplifiers under worst case conditions.
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FIG., 3A BASIC EitND-TEWI CIRCUUADO
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